57% to 28% with the surgical intervention. However, there was no correlation between the functional and the radiological outcome. Neurological deficits were documented in two patients, which declined during the course. There were no severe postoperative complications. The results of the present study demonstrate that the described surgical procedure in fractures of the fifth lumbar vertebra does not promote an anatomic restoration of the fractured vertebra, nor of the segmental lordosis. However, the clinical results do not correlate with the radiological outcome. Nonoperative treatment with early mobilisation without external support seems to be the treatment of choice.
Burst fracture of the fifth lumbar vertebra: results of posterior internal fixation and transpedicular bone grafting reviews the results of ten burst fractures of L5 treated with a single operative method -posterior internal fixation, posterolateral fusion and transpedicular bone grafting -with regard to the functional and radiographic outcome.
Materials and methods
Between 1993 and 1997, ten patients, three female and seven male with an average age of 29 years (range: 11-48 years), were treated operatively following an unstable burst fracture of the fifth lumbar vertebra. The fractures were classified according to Magerl et al. [12] ( Fig. 1) . In all patients, treatment consisted of application of a bisegmental internal fixator (USS, Synthes Co.), posterolateral fusion as well as transpedicular intervertebral bone grafting. The duration of the surgical procedure was 161 min on average (range: 130-240 min). In five patients (50%) a laminectomy was performed, because of neurological deficits at the time of admission in two of these (20%) -graded as Frankel C and D respectively [8] -and in three patients (30%) because of significant narrowing of the neural canal.
In five patients (50%) the injury was due to a fall from height, three patients (30%) had been injured in a road traffic accident and two patients (20%) had been hit by an object.
In 50% of the patients, accompanying injuries were documented (3.2 injuries on average; see Table 1 ).
All patients were followed up, at 22 months on average (range: 12-48 months). The radiometric evaluation was performed on anteroposterior and lateral radiographs of lumbar spine according to the Cobb method [4] . The determined parameters are defined in Fig. 2 and Table 2 . The α-angle represents the extent of the vertebral wedging at the fracture level, whereas the β-angle reflects the changes in the adjacent cranial, and the γ-angle the changes in the caudal, intervertebral disc space. The evaluation of the pre-and postoperative narrowing of the neural canal in the sagittal projection, the "spinal compression" (SC), was based on computer tomographic (CT) scans. In addition to the objective radiometric data, the subjective result of the patients was evaluated using a questionnaire to establish the pain and the activity status. Based on these data, a classification of the results into four groups -"excel- Calcaneus fracture 2 lent", "good", "fair" and "poor" -was conducted. A detailed description of the individual groups can be found in Table 3 . Statistical analysis was performed using the t-test, with a significance level P<0.05. The value characteristics (normal distribution) were determined with the Kolmogorov-Smirnov-test.
Results
There were no intraoperative and no neurological complications. A postoperative haematoma had to be evacuated in one patient (10%). After revision, the further postoperative course was uneventful. Regarding the radiographic parameters, the initial α-angle averaged 0°, which corresponds to only a moderate loss of height. With the operative intervention, the value decreased to -1°, which was not statistically significant (P=0.52), and remained unchanged during the further course. The alteration of the segmental lordosis (β-angle), which was -13°preoperatively and -12°a fter the dorsal instrumentation, was not significant either (P=0.859) (Fig. 3) . However, at follow-up, a significant loss of segmental lordosis of 4°(from -12°to -8°) was observed (P=0.008). The same behaviour was documented for the γ-angle, with a loss of 8°(from -28°to -20°) post- Angle between the superior end plates of the vertebral bodies above and below the fracture level (lateral) Scoliosis Angle between the inferior end plate of the fractured vertebral body and the superior end plate of the vertebral body above the fracture level (AP) Fig. 3 Lateral radiograph of an L5 burst fracture. Note the maintenance of alignment of the α-angle and the significant changes with loss of lordosis of the β-and γ-angle over the course operatively (P=0.008). The posttraumatic scoliotic deformity of 5°decreased significantly, to 1°, with posterior instrumentation (P=0.01). This value remained constant during the course. The radiographic parameters are summarised in Table 4 and Fig. 4 . The mean preoperative spinal compression was 57%, which was reduced to 28% with the operative intervention. In two patients with neurological compromise, a preoperative spinal compression of 86% and 60% respectively was documented. In the remaining neurologically intact patients, the spinal compression was 50% on average. However, there was no positive correlation between the spinal compression and the occurrence of neurological deficits (Spearman-ρ correlation coefficient = 0.479, P=0.277) (see also Fig. 5 ). In both patients, an improvement of the neurological function by one Frankel grade was observed.
Regarding the pain status at follow-up, four patients (40%) had an excellent result, three patients (30%) were rated as good, and in a further three patients (30%) the result was fair. A similar distribution was documented for the activity level, with five (50%) excellent, two (20%) good and three (30%) fair results. There were no poor results. Statistical analysis did not show a positive correlation between the pain or the activity status and the documented radiological features (P=0.607 and P=0.110, respectively; correlation test according to Spearman-ρ).
Discussion
Fractures of the lumbosacral spine have to be distinguished from fractures of the thoracolumbar spine, because of the particular anatomic and biomechanical characteristics of this region of the spine. Only a few reports have focused on fractures of the fifth lumbar vertebra, and the results and recommendations for treatment are controversial.
Finn and Stauffer [7] report on seven patients with a fracture of the fifth lumbar vertebra, who were treated nonoperatively by an elaborate resting position in a "bodyjacket". For the description of the radiological characteristics, a parameter corresponding to the γ-angle was chosen [7] . The initial posttraumatic value of 29°corresponds 
57% (10% to 87%) 28% (7% to 62%) - Fig. 4 Summary of radiographic data with their correlation coefficients closely to our results, and did not change significantly with nonoperative treatment. The height of the vertebral body also remained nearly the same [7] , as was the case in our series. In contrast to the results of Finn and Stauffer [7] , Mick and co-workers [13] described a significant loss of height in the anterior column in five patients treated nonoperatively, whereas in six fractures that underwent posterior stabilisation, an increase of height in the anterior column was noted. However, the authors did not comment on changes in the adjacent intervertebral spaces [13] . This is in contrast to our findings, where a significant loss of lordosis was documented, despite rigid dorsal stabilisation and additional intervertebral bone grafting. An explanation for this observation could be that, with posterior instrumentation, the height of the anterior column was not restored, which is reflected in the unchanged lordosis angle after surgery, but the posterior column was overdistracted. This results in a secondary collapse of the anterior column in the intervertebral disc spaces, with further loss of lordosis.
However, despite the significant loss of lordosis, the functional outcome did not show any correlation with the radiological parameters -an observation that has been made by other authors as well [5, 7] . In the series of Mick et al., the majority of fractures treated nonoperatively showed excellent functional results, despite the significant loss of height of the anterior column. These authors could not find any correlation between the radiological parameters and the functional outcome either [13] .
In view of the reported data in the literature and our own results, posterior segmental stabilisation of burst fractures of the fifth lumbar vertebra cannot be recommended on a routine basis. The question of whether circumferential stabilisation provides better radiological results has yet to be answered, but obviously the radiological result does not correlate with the functional outcome. It has yet to be shown that better radiological results correlate with an improved clinical outcome. Therefore, nonoperative treatment with early mobilisation without external support seems to be the treatment of choice. Operative stabilisation is only recommended if pain during mobilisation is not tolerated despite adequate pain medication. Particular attention must be paid to fractures of the spine with neurological deficits. However, in this region it is no longer the spinal cord that is affected. The nerve roots that form the cauda equina originate from the second motoneuron, and neurological deficits at this level are similar to peripheral nerve lesions and demonstrate a prognostically advantageous tendency for spontaneous recovery [2] . The cauda equina shows a higher resistance than the conus medullaris to external effects [1] . A correlation between the severity of the neurological deficits and the extent of neural canal narrowing could not be proven in the present study -an observation that correlates well with the report of Finn and Stauffer [7] . Boerger et al. [3] , after a metaanalysis of the available literature, concluded that the neurological injury occurs exactly at the time of the impact and is, therefore, not represented by the geometric parameters at the time of the survey of the findings. For example, the pressure within the spinal canal at the moment of the impact is higher than immediately after the trauma [11] . Consequently there are significant doubts that improvement of the neurological situation can be achieved by "surgical clearance" of the canal.
Interestingly, there is a high coincidence between fractures of the fifth lumbar vertebra and the occurrence of further, stable fractures in the remaining lumbar spine. Statistically, every second unstable fracture of the fifth lumbar vertebra is accompanied by a stable fracture of the first to fourth lumbar vertebra. In comparison, accompanying injuries of the upper extremities have not been documented. 
